Article abstract-Objective: Calculation of incidence of dementia and AD, including cases in the earliest phases of the diseases. Background: Establishment of incidence estimates is important for the future planning of the health care system, and incidence studies can offer insights into risk factors. Methods: A total of 5,237 persons age 65 to 84 years were randomly drawn among people living in the municipality of Odense, Denmark. Of this sample 3,086 persons were eligible for the incidence study. All participants were examined with CAMCOG, the cognitive section of The Cambridge Examination for Mental Disorders of the Elderly (CAMDEX), and the follow-up period was 2 years. Using multiple linear regression, the CAMCOG cutoff score was individualized to detect even minor cognitive decline with optimal precision. Possibly demented persons were further examined with the remaining part of the CAMDEX and neuropsychological tests. AD was diagnosed according to National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association criteria for probable AD, and vascular dementia and dementia of other types were diagnosed according to Diagnostic and Statistical Manual of Mental Disorders (3rd ed., revised) criteria for dementia. Finally, the severity of dementia was determined according to the Clinical Dementia Rating scale. Results: The incidence rate for very mild to severe dementia was 29.5 per 1,000 person-years and 20.9 for AD, and the rates were similar for men and women. Conclusion: Application of an individualized cutoff for the screening instrument resulted in detection of a substantial number of cases with very mild dementia, which subsequently resulted in higher incidence rates than those reported in most other studies. NEUROLOGY 1999;52:85-90 Difficulties in distinguishing between normal agerelated cognitive changes and very mild dementia have been recognized for many years, 1 and many screening instruments fail to identify a considerable proportion of cases with mild dementia.
NEUROLOGY 1999;52: [85] [86] [87] [88] [89] [90] Difficulties in distinguishing between normal agerelated cognitive changes and very mild dementia have been recognized for many years, 1 and many screening instruments fail to identify a considerable proportion of cases with mild dementia. 2 Furthermore, a recent study on the impact of various diagnostic criteria on the diagnosis of dementia found a 10-fold difference in prevalence estimates, ranging from 3.1% (International Classification of Diseases, Tenth Revision criteria) to 29.1% (Diagnostic and Statistical Manual of Mental Disorders, 3rd ed.
[DSM-III] criteria) when applying six different sets of diagnostic criteria to the same population. 3 Similar discrepancies could be expected in incidence studies.
The incidence of dementia has only been estimated in a limited number of population-based studies, 4 but an accurate estimation is important for several reasons. First, incidence figures are vital for the future planning of the health care system, and exclusion of persons with very mild or mild dementia may underestimate the incidence rate and subsequently the problems associated with dementia for the community at large. Second, incidence studies can offer important insights into risk factors and thereby the etiology of the main subtypes of dementia (AD and vascular dementia). Third, populationbased studies of incidence are inherently follow-up studies, which make it possible to follow persons from a nondemented to a demented state. Information on the earliest stages of the disease can be collected and can subsequently lead to improved diagnostic validity.
The current study is population-based, aiming to estimate the prevalence and incidence of dementia and to identify risk factors. Inclusion of cases with very mild dementia was given high priority, and to fulfill this goal, a screening procedure was specifically developed to detect very mild and mild cases of dementia.
Methods. The prevalence study has been described in detail elsewhere. 5 Briefly, a total of 5,237 eligible persons fulfilling two criteria-age between 65 and 84 years and living in the municipality of Odense, Denmark-were randomly drawn from the Central Person Number Register (CPNR), where all persons in Denmark are listed according to a 10-digit registration number. The sample included community-dwelling persons as well as persons living in nursing homes. Sixty-five years was chosen as the lower cutoff because the risk of dementia below that age is very low, and 84 years was chosen as the upper cutoff to keep the loss to follow-up reasonably low.
A total of 3,346 persons (64%) participated in the prevalence study. A total of 234 were demented, and 47 could not be diagnosed because they refused to complete the diagnostic program, which is described in the following section. Thus, at the end of the prevalence study, 3,065 persons (3,346 participants minus 234 demented and 47 not diagnosed) were eligible for the incidence study. However, at the follow-up examination 2 years later, 11 of the 47 persons not diagnosed accepted the complete diagnostic program and they were all diagnosed nondemented, and 10 others who had been diagnosed very mildly demented were rediagnosed nondemented. These 21 nondemented subjects were included in the calculation of incidence, resulting in 3,086 nondemented subjects eligible for the incidence study.
Examination program. A two-phase procedure was applied to determine whether the participants were demented or nondemented. The first phase was a screening procedure, the aim of which was to identify nondemented persons. In the second phase it was determined whether possibly demented persons actually were demented.
Phase one. The screening procedure included the CAMCOG, a subsection of The Cambridge Examination for Mental Disorders of the Elderly Examination (CAMDEX), 6 which is a scale assessing a broad range of cognitive functions (memory, orientation, praxis, perception, abstract thinking, language, and calculation). The tests were administered by 10 trained interviewers who were predominantly experienced nurses or social workers. 5 To ensure reliability of the screening, coratings with participation of all interviewers were conducted. The intraclass correlation 7 was 0.87. Phase two. Possibly demented persons (i.e., screenpositive persons) were further examined with the remaining part of the CAMDEX, which comprises a standardized psychiatric interview incorporating questions regarding present state, personal and medical history, and family history. Furthermore, a battery of seven neuropsychological tests was administered for a more elaborate examination of the person's cognitive functions. 5 This battery included Trail Making A, 8 Symbol Digit Modalities Test, 9 a 12-word learning test, 10 Benton Visual Retention Test, 11 a modified version of Face Recognition Test, 12 Boston Naming Test, 13 and a modified version of the Token Test.
14 Severity of dementia was established according to the Clinical Dementia Rating (CDR) scale. 15 The remaining parts of the CAMDEX used in phase two and the CDR scale were administered by two medical doctors, and the neuropsychological tests by a trained psychology student under the supervision of a neuropsychologist.
Persons with a clinical diagnosis of dementia had a blood test to rule out conditions known to affect cognitive functions. If possible, these persons also had a CT.
Definition of screen-positive persons. Normative data for neuropsychological tests. A pilot study including 150 persons randomly drawn from the CPNR was carried out to collect normative data for each test. 10 The need for local normative data for neuropsychological tests has been emphasized by several authors. 16, 17 The persons in the pilot study fulfilled the same criteria as given above, age between 65 and 84 years and living in the municipality of Odense. All participants in the pilot study were examined by a specialist in psychiatry, who administered the CAM-DEX, and the seven neuropsychological tests were carried out by a neuropsychologist. The psychiatrist and neuropsychologist subsequently diagnosed the 150 persons according to National Institute of Neurological and Communicative Disorders and Stroke-Alzheimer's Disease and Related Disorders Association (NINCDS-ADRDA) criteria for probable AD 18 and according to DSM-III-R criteria for vascular dementia and dementia of other types. 19 The diagnoses were made without regard to the actual CAMCOG score or the neuropsychological test results and with inclusion of all available information. Furthermore, the data from the pilot study were used to determine an individualized diagnostic cutoff point for the CAMCOG, as described below.
Definition of cutoff point on the screening instrument for dementia (CAMCOG). When the CAMCOG is applied as a screening instrument for dementia, a fixed cutoff is recommended, often 80 out of a total of 107, so that a person who scores 79 or less is screen positive. 6 Application of this cutoff gave a sensitivity of 92% and a specificity of 96% in a sample of in-and outpatients in a department of geriatric medicine and psychogeriatrics. 6 This cutoff may not be warranted in a sample randomly drawn from the general population. First, the scores on cognitive tests depend on age and education, 17, 20, 21 which implies that a cutoff that is optimal for persons in their 60s is probably not optimal for persons in their 80s. Thus, a cutoff point should take the person's age and level of education into account. Second, one of the purposes of the study was to identify persons with very mild dementia, who could often be expected to score higher than 80 on the CAMCOG. To circumvent this obstacle, a predicted CAMCOG score for each person in the study was calculated from a regression equation, which has been recommended in community studies. 22 The variables of age, Danish Adult Reading Test (DART) score (see below), social class, a measure of general knowledge, and marital status contributed significantly to the prediction of the CAMCOG score. The equation for the predicted CAMCOG score was as follows:
Predicted CAMCOG ϭ 4.195 ϫ marital status 1 Ϫ 0.949 social class 2 ϩ 0.205 ϫ DART 3 Ϫ 0.268 * age 4 ϩ 1.693 ϫ general knowledge 5 ϩ 87.491 1) Two categories: never married ϭ 1; married, divorced, or widowed ϭ 2 2) Five social classes: highest ϭ 1, lowest ϭ 5 3) One point for each correctly pronounced word: maximum score ϭ 45 4) Age (in years) at screening 5) Items 148 to 157 in the CAMDEX, see text for explanation: maximum score ϭ 10
Variation of formal education was negligent in the current study, and for this reason the DART, which gives an estimate of the premorbid intellectual level, was applied as a modifying factor instead of education. The DART is the Danish version of the National Adult Reading Test. 23 Items 148 to 157 in the CAMDEX were used as a measure of general knowledge. As examples, the 10 items include the following questions: When did World War I start? Who is Queen of Denmark? Who is Prime Minister in Denmark? Data from the pilot study indicated that a cutoff expressed as a difference between the actual and the predicted CAMCOG score equal to Ϫ1.25 SE resulted in an optimal cutoff in terms of sensitivity (89.2%) and specificity (88.2%). The diagnoses made by the psychiatrist and neuropsychologist in the pilot study were used as the diagnostic gold standard. Because no nondemented person in the pilot study scored less than 74, persons with a CAMCOG score of 73 or less were also considered screen positives regardless of the difference between the actual CAMCOG score and predicted CAMCOG score.
Diagnostic criteria and severity of dementia. AD was diagnosed according to NINCDS-ADRDA criteria (probable AD), 18 and vascular dementia and dementia of other types were diagnosed according to DSM-III-R criteria for dementia. 19 A final clinical diagnosis had to be confirmed by the results of both the neuropsychiatric and neuropsychological examinations. Three cases with severe AD were only examined by the medical doctors because they were unable to complete the neuropsychological tests. The diagnosis was made by consensus between the medical doctors and the neuropsychologist. In case of disagreement the person in question was diagnosed nondemented.
The severity of dementia was determined according to the CDR scale, 15 which classifies dementia into four categories: questionable, mild, moderate, and severe. The categorization is based on the level of cognitive functioning and the ability to cope with activities of daily living. Persons fulfilling the criteria for AD, vascular dementia, or dementia of other types and subsequently categorized as questionably demented according to the CDR scale were defined very mildly demented and thus included in the incidence estimate.
Data analysis. Incidence rates were estimated as the number of new cases divided by the number of personyears at risk. Age bands were based on age at entry in the prevalence study. The number of person-years for nondemented persons was calculated as the sum of follow-up time defined as the time in years between the prevalence and incidence screening for each person. For the incident cases, the time of onset of dementia was assumed to be the midpoint between the two screening interviews. The total number of person-years was the sum of person-years for nondemented and demented.
Data were analyzed with 2 test and 2 test for trend and log linear analysis.
Results. Response rate and characteristics of participants and nonparticipants (persons lost to follow-up).
The mean follow-up time was 2.1 years with a SD of 0.2. Of the 3,086 persons eligible for the incidence study, 194 (6%) had died, 394 (13%) refused participation, and 10 had moved to another part of the country. Another 36 were excluded because they refused to participate in the complete diagnostic program, leaving 2,452 eligible for the estimation of incidence ( Incidence of dementia. Table 2 presents the annual incidence rates of very mild to severe dementia. The rates increased consistently with increasing age and doubled approximately from one 5-year age band to the next. The incidence rates were similar for men (31.8 new cases per 1,000 person-years at risk) and women (27.7) ( 2 ϭ 2.09, df ϭ 1, p Ͼ 0.1). Table 2 also presents the annual incidence rates of very mild dementia separately. Again a consistent increase with increasing age was found, although without doubling every 5 years. Although the incidence of very mild dementia increased with increasing age, the proportion decreased. In the age group 65 to 69 years, the proportion of very mild dementia was 70% compared with 30% in the age group 80 to 84 years. Thus, new cases of dementia among the oldest in the sample were more likely to become more severely demented than new cases among the younger persons ( 2 ϭ 18.6, df ϭ 3, p Ͻ 0.001).
The incidence rates for very mild to severe AD are presented in table 3. The incidence rate increased with increasing age with no difference between men (21.4 new cases per 1,000 person-years at risk) and women (20.1) ( 2 ϭ 0.92, df ϭ 1, p Ͼ 0.2). The doubling in incidence rate for each 5-year age span was also found for AD, except for the age group 80 to 84 years, in which the rate almost tripled.
Discussion. We found an average incidence rate of 29.5 new cases of dementia per 1,000 person-years, ranging from 12.4 in persons aged 65 to 69 years to 82.2 in persons aged 80 to 84 years, and these estimates are higher than most others previously reported (table 4). Comparison of incidence rates is difficult because the studies use varying diagnostic criteria as well as varying follow-up periods, different cognitive tests, and dissimilar definitions of screen-positive persons, and they do not always clearly state whether the incidence rates include very mild cases. The current study is comparable with the study by Letenneur et al. 24 regarding the diagnostic criteria, but the French study did not include the very mild cases of dementia. The incidence rates for mild to severe dementia are presented in table 4, and except for the group aged 80 to 84 years, the incidence rates are similar in the two studies. With reference to inclusion of very mild cases the current study is comparable with the Swedish study by Fratiglioni et al., 25 although we used the CDR scale to determine the severity of dementia, whereas the Swedish study used the DSM-III-R criteria. 42 ; AGECAT diagnoses for all types of dementia; Boothby et al., 43 vascular dementia ϭ Hachinski score Ն4 ϩ stepwise deterioration; Fratiglioni et al., 25 DSM-III-R criteria for all types of dementia). † Rates for persons aged 65-74 years and 75-84 years. ‡ Incidence for persons aged 80ϩ years.
pyr ϭ person-years.
The incidence rates were similar for men and women, which parallels the findings from some studies 24, 26, 27 but not others, which have reported a higher risk among women. 25, 28, 29 The increasing incidence rate with increasing age was due to AD, which corresponds with both recent prevalence 5, 30 and incidence studies. 24, 26 The decreasing proportion of very mild dementia with increasing age has also been found in recent studies. [31] [32] [33] [34] This could be related to difficulties in differentiating between very mild dementia and normal cognitive changes with increasing age, or the older persons may have less ability to compensate for even minor cerebral adverse changes. Consequently, they develop severe dementia more rapidly than do younger persons. 34 This could also explain the almost tripled incidence rate for the oldest age group with respect to AD.
Although the prevalence study was hampered by a high nonparticipation rate, analyses of characteristics of participants and nonparticipants showed that the group of participants actually was representative of the whole sample. 5 Loss to follow-up was unavoidable because of deaths or refusal to participate, and the cognitive status of the nonparticipants remained unknown. One possible way to deal with this problem could be to collect information on disease status from other sources such as medical records or hospital discharge registers. This was not done, however, because only about 14% of all dementia cases in Denmark are diagnosed by a medical doctor. 35 Because the loss to follow-up increased with increasing age, the incidence rates may have been underestimated. In addition, the higher proportion among nonparticipants with acute myocardial infarction, diabetes mellitus, stroke, or TIA points in the same direction. Although these factors have previously mainly been associated with vascular dementia, recent studies have indicated that they also increase the risk for AD. 36, 37 Thus, not only the incidence of vascular dementia but also the incidence of AD may have been underestimated. The pilot study conducted before the prevalence study suggested that the diagnostic procedure misclassified approximately 12% of the actually demented persons. This could lead to an overestimation of incidence because some prevalent cases would erroneously have been diagnosed as incident cases. However, demented cases are generally older than nondemented, and dementia increases the risk of death. Thus some of the prevalent cases not identified at the prevalence study were therefore lost to follow-up due to death. Furthermore, some of the true incident cases were missed because of diagnostic misclassification. Whether the number of true missed incident cases was higher, lower, or equal to the number of prevalent cases erroneously diagnosed as incident cases is impossible to estimate. Thus, whether misclassification leads to a bias of incidence rates remains uncertain.
Conversely, inclusion of very mildly demented cases in the calculation of the incidence rates could lead to overestimation because this group may include a number of persons erroneously diagnosed as demented. A recent study has reported that about one half of the patients diagnosed as questionably demented according to the CDR scale (CDR scale score ϭ 0.5) did not meet the criteria for dementia after a mean follow-up period of 2.5 years. 38 Very mildly demented persons in our study were, however, fulfilling the criteria of NINCDS-ADRDA or DSM-III-R for dementia, which reduces the risk of overestimating the incidence. Furthermore, the CAMDEX incorporates questions and examinations resulting in an elaborate evaluation of the participating persons, and its reliability and validity have been well established. 39, 40 Furthermore, screenpositive persons were examined with seven neuropsychological tests based on local normative data, and our aim was to detect cases of very mild dementia using individual cutoff in the screening phase, which was achieved by applying multiple regression analysis, an approach that may result in increased diagnostic accuracy. 22 This method may increase the diagnostic accuracy especially among highly educated persons or persons with high premorbid intellectual capacity. In a recent study, 41 greater cognitive decline was found among highly educated patients than it was among low-educated patients of comparable levels of dementia severity. If this diagnostic problem is not addressed during the screening procedure, the incidence among highly educated persons may be underestimated.
